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Intercomparison Project (CMIP3, Meehl et al., 2007) . Consistent with an earlier analysis 2 4 4 of two coupled models by Schneider (2002) , Lin deduced that the double-ITCZ arises 2 4 5 through ocean-atmosphere coupling, but originates in biased precipitation and circulation 2 4 6 responses to realistic SSTs that are intrinsic to the uncoupled AGCMs. In the CMIP3 2 4 7
AGCMs, excessive tropical precipitation and Pacific trade winds lead to biased surface 2 4 8 stress and surface heat flux. This generates excessive equatorial upwelling and SST 2 4 9 errors in the coupled models, giving rise to a feedback that splits the ITCZ. Aqua-planet simulations could be used to investigate the underlying AGCM precipitation 2 5 2 biases, by characterising ITCZ behaviour in a controlled context, for a range of idealised 2 5 3 zonally symmetric and zonally varying SSTs. This would also provide a link to the 2 5 4 conceptual models discussed earlier, which predict splitting of a single equatorial ITCZ as implies that coupling to an ocean could destabilise an equatorial ITCZ, with excessive 2 5 7 trades exaggerating the effect. Differences in ITCZ splitting and latitudinal profiles of 2 5 8 zonal wind stress produced by different AGCMs could be used to compute implied 2 5 9 variations in equatorial upwelling, and these could be compared to the upwelling produced 2 6 0 when each aqua-planet AGCM is coupled to a dynamical tropical ocean. Aqua-planet AGCMs have also been used to study aspects of the mid-latitude storm 2 6 3 tracks, including the behaviour of baroclinic wave packets (Lee and Held, 1993) , wave 2 61 3 breaking (Lee and Feldstein, 1996) and variability of the westerly jet (Feldstein and Lee, 2 6 5 1996). Idealised modelling of annular variability has received increasing attention, 2 6 6 including further studies using aqua-planets (e.g. Cash et al., 2002) . Aqua-planets have 2 6 7 been used to study sensitivity of idealised storm tracks to the underlying latitudinal SST 2 6 8 structure (Brayshaw et al., 2008 , Lu et al., 2010 The present hierarchy of AGCMs includes at the simpler end baroclinic models of varying 2 9 0 complexity. A further simplification which retains prognostic divergent motion is the 2 9 1 shallow water equations. A benchmark suite of test cases has been developed to 2 9 2 evaluate different numerical formulations of the nonlinear shallow water equations on the 2 9 3
sphere (Williamson et al., 1992) . Baroclinic dynamical cores are used with only internal 2 9 4 diffusion for baroclinic life-cycle simulations (Simmons and Hoskins, 1978) and for 2 9 5 simulating the direct impact of tropical heating (Hoskins and Karoly, 1981) . Deterministic 2 9 6 initial-value test cases of baroclinic instability have been proposed for these primitive 2 9 7 equations models (Polvani et al., 2004; Jablonowski and Williamson, 2006) . Following 2 9 8
James and Gray (1986) and Held and Suarez (1994) , long-period experiments have been 2 9 9
performed in which temperature is relaxed towards a prescribed 2-D field, with the 3 0 0
Held-Suarez configuration designed as a further benchmark test case. A related test was 3 0 1
proposed by Boer and Denis (1997) , in which the thermodynamic forcing combines a 3 0 2 dominant specified time-independent heating function with a weak linear relaxation towards 3 0 3 a specified zonal climatology. The Newtonian-relaxed dynamical cores have proved extremely useful in many 3 0 6 experiments aimed at understanding basic aspects of observed atmospheric structure and 3 0 7 variability. Following James and Gray (1986), this configuration with zonally symmetric 3 0 8
forcing has been used extensively to study low frequency variability of the zonally averaged showing the importance of an explicit representation of moist processes in such sensitivities. The fifth profile, CONTROL5N, is asymmetric about the equator, moving the maximum SST 3 8 5 in the CONTROL case to 5°N. These zonally symmetric profiles systematise th ose used 3 8 6
by Hess et al. (1993) , and explicitly test the relevance of the theoretical limit of the Held and 3 8 7
Hou model to AGCMs. A further 3 SST distributions, shown in Fig.4 , add tropical 3 8 8
anomalies to the CONTROL profile. 1KEQ and 3KEQ add a localised equatorial warm 3 8 9
anomaly of 1 K and 3 K respectively, while 3KW1 adds a global scale anomaly of 3 K 3 9 0 amplitude with wavenumber 1 variation in longitude. The experimental design has been further developed to ensure as far as possible a 3 9 3 precise configuration for the systematic comparison of AGCMs. This is summarised in the 3 9 4
Appendix and is described in detail in Williamson et al. (2012) . In addition to the 8 SST 3 9 5 distributions, the design defines the insolation and a zonally symmetric ozone climatology, 3 9 6 both of which are precisely symmetric about the equator, plus the concentrations of 3 9 7 well-mixed greenhouse gases, aerosols and the geophysical constants. All simulations 3 9 8
should be spun-up to equilibrium for at least 6 months, before an experimental period of 3 3 9 9
years. With perpetual equinox insolation, this was found to be adequate to achieve 4 0 0 convergence of many climate statistics. into a "summer" hemisphere with conceptual models. These predict an intensification of 4 4 1 an asymmetric Hadley circulation into the "winter" hemisphere. circulation responses in a number of models. Sensitivity studies in individual models will 4 6 0 reveal dependences on specific modelling choices. experiment and its aims have been described. APE bridges a gap in the existing 4 6 6 modelling hierarchy that is used to evaluate complex models and to provide a link between 4 6 7 realistic simulation and conceptual models of atmospheric phenomena. The simplified 4 6 8 aqua-planet configuration is designed to expose differences between models due to the 4 6 9 interaction of modelled physics and dynamics and to focus attention on particular APE is intended to be used and developed in a number of ways, covering the various 4 7 9 contexts described in this paper. This first APE intercomparsion is a benchmark of current 4 8 0 model behaviour and is intended to stimulate ongoing evaluation of AGCMs using the APE 4 8 1 configuration. In the immediate future, one of the APE experiments, QOBS, is included in In contrast to realistic simulation in weather prediction and climate, there is no verification 4 8 6 for APE to determine the fidelity and accuracy of individual models. APE simulations may 4 8 7 therefore be best evaluated in conjunction with parallel AMIP simulations, which also use 4 8 8 prescribed SSTs but which can be evaluated against observations. The same argument 4 8 9
can be applied to experiments for simpler models in the hierarchy, including the 4 9 0
Held-Suarez dynamical core benchmark experiment, for which there is no reference multiple models were to converge towards a unique solution for a given benchmark 4 9 5 experiment, and there is no guarantee that they would, there might be some confidence 4 9 6 that this was indeed the "true" climate. In a dynamical core, the climate forcing is specified 
